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OPTICAL WAVEGUIDE MOUNTING
MEMBER, SUBSTRATE, SEMICONDUCTOR
DEVICE, METHOD OF MANUFACTURING

OPTICAL WAVEGUIDE MOUNTING

MEMBER, AND METHOD OF
MANUFACTURING SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention generally relates to an optical
waveguide mounting member, a substrate, a semiconductor
device, a method of manufacturing an optical waveguide
mounting member, and a method of manufacturing a sub-
strate, and more particularly to an optical waveguide mount-
ing member, a substrate, a semiconductor device, a method
of manufacturing an optical waveguide mounting member,
and a method of manufacturing a substrate for transmitting
optic signals to an optical element via an optic fiber.

2. Description of the Related Art

Development of optical communication 1s advancing
along with the increases 1n speed and size of recent infor-
mation communication. Ordinarily, 1n optical communica-
tion, electric signals are converted to optical signals, the
optical signals are transmitted through an optic fiber, and the
received optical signals are converted to electric signals by
an optical element having a light emission and/or light
reception part (heremnafter referred to as “light emission/
reception part). The light emission/reception part 1s a part for
transmitting and recerving optical signals. The optical ele-
ment includes, for example, a vertical cavity surface emit-
ting laser (VCSEL), a photodiode (hereinafter referred to as
“PD”), and a laser diode (hereinaiter referred to as “LD”).

In a semiconductor device having a substrate provided
with the optical element, a core part of an optic fiber, which
1s mounted in a through-hole penetrating the substrate, i1s
positioned 1n a manner facing the light emission/reception
part of the optical element.

A conventional semiconductor device 10 including opti-
cal elements 15 and 16 1s described with reference to FIG.
1. FIG. 1 1s a cross-sectional view showing the semicon-
ductor device 10 having the optical elements 15, 16. The
semiconductor device 10 mainly includes a substrate 20,
optical elements 15, 16 having light emission/reception parts
15A, 16A, an optical waveguide 17, and mirrors 21, 22.

The substrate 20 mainly includes a resin base material 11,
through-holes 12a, 125, an optic fibers 13, 14, and pads (not
shown), wirings (not shown), and solder resist that covers
the wirings (not shown). The pads, wirings, and the solder
resist are provided on a plane 11A of the resin base material
11. The pads are provided for connecting to solder balls 24,
235 of the optical elements 15, 16. The pads are provided 1n
an exposed state (1.e. not covered by the solder resist).

The through-holes 12a, 126 are formed 1n the resin base
material 11 1n a manner penetrating the resin base material
11 by 1rradiating a laser (e.g. a YAG laser, a CO, laser, an
excimer laser) to the resin base material 11. The through-
hole 12a 1s provided with an optic fiber 13, and the through-
hole 1256 1s provided with an optic fiber 14. The optic fibers
13, 14 include core parts 13a, 14a, and clad parts 135, 145
that cover the core parts 13a, 14a. Optical signals are
transmitted by the core parts 13a, 14a.

The optical element 15, which is provided with the solder
ball 24, has the solder ball 24 connected to the pad (not
shown) of the substrate 20. Accordingly, optical element 15
1s electrically connected to the substrate 20. The optical
clement 15 1s mounted on the substrate 20 1n a manner that
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the light emission/reception part 15A of the optical element
15 faces the core part 13a of the optic fiber 13.

The optical element 16, which 1s provided with the solder
ball 25, has the solder ball 25 connected to the pad (not
shown) of the substrate 20. Accordingly, optical element 16
1s electrically connected to the substrate 20. The optical
clement 16 1s mounted on the substrate 20 1n a manner that
the light emission/reception part 16A of the optical element
16 faces the core part 14a of the optic fiber 14.

The mirror 21 1s provided at an end part 13B of the optic
fiber 13 and the mirror 22 1s provided at an end part 14B of
the optic fiber 14. The mirrors 21, 22 are provided for
cnabling optical transmission between the optical
waveguide 17 and the optic fibers 13, 14.

The optical waveguide 17 includes a core part 18 and a
clad part 19 that covers the periphery of the core part 18. The
optical waveguide 17 1s provided between the mirror 21 and
the mirror 22 for allowing optical signals to be transmitted

therethrough (See, for example, Japanese Laid-Open Patent
Application No. 2004-54003).

In the semiconductor 10, it 1s desirable to reduce deviation
between the positions of the core parts 13a, 14a of the optic
fibers 13, 14 (mounted in the through-holes 124, 125) and
the positions of the corresponding light emission/reception
parts 15A, 16A facing the core parts 13a, 135, so that
transmission loss between the optic fibers 13, 14 and the
light emission/reception parts 15A, 16 A can be reduced.

FIG. 2 1s a plane view of the substrate 20 having the optic
fiber 13 mounted 1n the through-hole 12a4. In FIG. 2, L1
indicates a space formed between the wall of the through-
hole 12a (12b6) having a diameter R2 and an outer diameter
R1 of the optical fiber 13 (14) (hereinafter referred to as
“space L17). However, imn the semiconductor device 10,
since the through-holes 124, 125 corresponding to the optic
fibers 13, 14 are formed by 1rradiating a laser (e.g. a YAG
laser, a CO, laser, an excimer laser) to the resin base material
11, 1t 1s difficult to form the through-holes 12a, 126 1n a
precise predetermined position in the resin base material 11,

and 1t 1s dithicult to control the size of the diameters of the
through-holes 12a, 125.

Furthermore, since a large space L1 (e.g. approximately
10 um) 1s provided between the wall of the through-hole
12a, 126 having diameter R2 and the optic fiber 13, 14
having outer diameter R1 for enabling attachment between
the optic fibers 13, 14 and the through-holes 124, 125, the
position of the core parts 13a, 14a of the optic fibers 13, 14
attached to the through-holes 12a, 125 tends to deviate from
the position of the corresponding light emission/reception
parts 15A, 16A. This makes 1t dithicult to reduce transmis-
sion loss of optical signals.

Furthermore, even 11 the position between the core parts
13a, 14a and the light emission/reception parts 15A, 16 A 1s
optimized, the resin base material 11 1 which the through-
holes 12a, 125 are formed may change the position of the
optic fibers 13, 14 attached to the through-holes 12a, 1256 1n
a case where thermal deformation (thermal contraction or
thermal expansion) ol the resin base material 11 occurs
when the temperature of the substrate 20 changes. This
results 1n an icrease of transmission loss of optical signals.

FIG. 3 shows an example a substrate having optic fibers
in a state before being subjected to a polishing process. In
FIG. 3, letters “A” and “B” each indicate a part of an optic
fiber 36 protruding from a resin base material 331 (herein-
after referred to as “protruding part A” and “protruding part
B). With reference to FIG. 3, the process of polishing the
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protruding parts A, B 1s performed after pads 32, 37, wirings
33, 38, and solder resist 34, 39 are formed on both sides of
the resin substrate 31. Therefore, the presence of the pads 32,
37, wirings 33, 38, and solder resist 34, 39 formed on both
sides of the resin substrate 31 may obstruct the process of
polishing the protruding parts A, B. Therefore, 1t 1s dithcult
to polish the protruding parts A, B of the optic fiber 36 with
satisfactory precision in a direction perpendicularly inter-
secting with a plane direction of the resin substrate 31.

SUMMARY OF THE INVENTION

It 1s a general object of the present invention to provide an
optical waveguide mounting member, a substrate, a semi-
conductor device, a method of manufacturing an optical
waveguide mounting member, and a method of manufac-
turing a substrate that substantially obviates one or more of

the problems caused by the limitations and disadvantages of
the related art.

Features and advantages of the present invention will be
set forth 1n the description which follows, and in part waill
become apparent from the description and the accompany-
ing drawings, or may be learned by practice of the invention
according to the teachings provided in the description.
Objects as well as other features and advantages of the
present invention will be realized and attained by an optical
waveguide mounting member, a substrate, a semiconductor
device, a method of manufacturing an optical waveguide
mounting member, and a method of manufacturing a sub-
strate particularly pointed out in the specification 1n such
tull, clear, concise, and exact terms as to enable a person
having ordinary skill in the art to practice the ivention.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides an optical
waveguide mounting member for mounting to a substrate,
the optical waveguide mounting member including: an opti-
cal waveguide for transmitting optical signals therethrough:;
and an optical waveguide mounting base material having a
through-hole to which the optical waveguide 1s mounted;
wherein the optical waveguide mounting base material 1s
tformed of silicon.

In the optical waveguide mounting member according to
an embodiment of the present invention, the through-hole
may be an anisotropic-etched hole.

Furthermore, the present invention provides a substrate
including: the optical waveguide mounting member accord-
ing to the embodiment of the present invention; and a
substrate main body having a perforated part; wherein the
optical waveguide mounting member 1s mounted in the
perforated part of the substrate main body.

Furthermore, the present invention provides a semicon-
ductor device including: an optical element having a light
emission/reception part; and the substrate according to the
embodiment of the present imnvention; wherein the optical
waveguide of the substrate 1s positioned opposite to the light
emission/reception part of the optical element.

Furthermore, the present invention provides a method of
manufacturing one or more optical waveguide mounting,
members for mounting to a substrate, the optical waveguide
mounting member having an optical waveguide for trans-
mitting optical signals therethrough and an optical
waveguide mounting base material having a through-hole to
which the optical waveguide 1s mounted, the method 1nclud-
ing the steps of: a) forming the optical waveguide mounting
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base material with a silicon material; and b) forming the
through-hole of the optical waveguide mounting base mate-
rial by anisotropic etching.

In the method of manufacturing one or more optical
waveguide mounting members according to an embodiment
of the present invention, the method may further include the
steps of: ¢) mounting the optical waveguide in the through-
hole; and d) polishing a protruding part of the optical
waveguide protruding from the through-hole.

Furthermore, the present invention provides a method of
manufacturing a substrate to which an optical waveguide
mounting member 1s mounted, the optical waveguide
mounting member having an optical waveguide for trans-
mitting optical signals therethrough and an optical
waveguide mounting base material including a through-hole
to which the optical waveguide 1s mounted, the method
including the steps of: a) forming the optical waveguide
mounting base material with a silicon material; b) forming
the through-hole of the optical waveguide mounting base
material by anisotropic etching; ¢) mounting the optical
waveguide 1n the through-hole; d) polishing a protruding
part of the optical waveguide protruding from the through-
hole; e) forming a perforated part 1n a substrate main body;
and 1) mounting the optical waveguide mounting member 1n
the perforated part.

Other objects and further features of the present invention
will be apparent from the following detailed description
when read 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a conventional
semiconductor device having an optical element;

FIG. 2 1s a plane view of a substrate having an optic fiber
mounted in a through-hole;

FIG. 3 1s a schematic view showing an example of a
substrate having an optic fiber in a state before being
subjected to a polishing process;

FIG. 4 15 a cross-sectional view showing a semiconductor
device according to an embodiment of the present invention;

FIG. 5 1s a cross-sectional view of a substrate main body
according to an embodiment of the present invention;

FIG. 6 1s a plane view of the substrate main body shown
in FIG. §;

FIG. 7 1s a cross-sectional view of an optic fiber mounting,
member according to an embodiment of the present mven-
tion;

FIG. 8 1s an enlarged plane view showing a part of the
optic {iber mounting member having an optic fiber mounted
thereto;

FIG. 9 1s a plane view of a silicon water for showing the
area 1 which optic fiber mounting members (optical
waveguide mounting members) are formed;

FIG. 10 1s a cross-sectional view of a silicon water along
the direction of line E-E of FIG. 9:

FIG. 11 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 1);

FIG. 12 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 2);

FIG. 13 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 3);

FIG. 14 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 4);




Uus 7,251,391 B2

S

FIG. 15 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 5);

FIG. 16 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 6);

FIG. 17 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 7);

FIG. 18 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 8);

FIG. 19 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 9);

FIG. 20 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 10); and

FIG. 21 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to an
embodiment of the present invention (Part 11).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments of the present mvention
will be described with reference to the accompanying draw-
Ings.

A semiconductor device 50 according to an embodiment
ol the present invention 1s described with reference to FIG.
4. FIG. 4 1s a cross-sectional view of the semiconductor
device 50 according to the embodiment of the present
invention. It 1s to be noted that, although there 1s shown 1n
FIG. 4 only a single optical element 80 mounted on a
substrate 60, multiple optical elements 80 may be mounted
on the substrate 60. Furthermore, 1n FIG. 3, a plane 56 A of
a base material 56 indicates a plane of the base material 56
tacing the side on which the optical element 80 1s mounted,
and a plane 56B of the base material 56 indicates a plane of
the base material 56 facing the side to which a motherboard
(not shown) 1s mounted.

The semiconductor device 50 mainly includes the optical
clement 80 and the substrate 60. The optical element 80 1s
an optical element for converting optic signals to electric
signals. The optical element 80 includes multiple light
emission/reception parts 81 and solder balls 82 serving as
external connection terminals. The light emission/reception
parts 51 are provided to the optical element 80 for receiving
optical signals transmitted from optic fibers 74 and/or for
transmitting optical signals from the optical element 80 to
the optic fibers 74.

The optical element 80 includes, for example, a vertical
cavity surface emitting laser (VCSEL), a photodiode (here-
mafter referred to as “PD”), and a laser diode (hereinafter
referred to as “LD”). The solder balls 82 are provided for
clectrically connecting between the optical element 80 and
the substrate 60. The optical element 80 1s mounted on the
substrate 60 1n a manner having the light emission/reception
parts 81 facing toward core parts 75 of the optic fibers 41
(mounted 1n an optic fiber mounting member 70 of the
substrate 60, described in detail below).

The substrate 60 mainly includes a substrate main body
55 and the optic fiber mounting member 70 which 1s an
optical waveguide mounting member. The substrate 60,
having the optical element 80 mounted thereto, 1s connected
to, for example, a motherboard (not shown). The optic fiber
mounting member 70 1s adhesively fixed to a wall of a
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6

perforated part 68 of the substrate main body 55 in a manner
that a plane 71B of the optic fiber mounting member 71 and
the plane 568 of the substrate 56 are situated on a same
plane.

Next, the substrate main body 355 1s described with
reference to FIGS. 5 and 6. FIG. 5 1s a cross-sectional view
of the substrate main body 55 according to the embodiment
of the present mvention. FIG. 6 1s a plane view of the
substrate main body 55 shown 1n FIG. 5. The substrate main
body 35 mainly includes the base material 56, a via(s) 57,
pads 59, 62, wiring 38, 63, solder resist 61, 64, an N1/Au
metal layer 66, a solder ball(s) 67, and the perforated part 68.

The base material 56 1s made of, for example, resin
material. The base material 56 1s formed with a thickness M1
of, for example, approximately 150 um. The via 57 1s formed
in the base material 56 by perforating the base material 56.
Furthermore, the perforated part 68 1s formed at a center area
of the base material 68. The optic fiber mounting member
70, having multiple optic fibers 74 mounted thereto, is
mounted 1n the perforated part 68. The perforated part 68 1s
formed in a manner penetrating the base material 56.

The pad 59 1s provided on the plane 56A of the base
material 56 and 1s electrically connected to the via 57. The
pad 59 1s electrically connected to the solder ball 82 of the
optical element 80. The wiring 58 1s also provided on the
plane 56 A of the base material 56. The wiring 38 1s elec-
trically connected to the pad 39. The solder resist 61 1s
applied to the plane 56 A of the base material 56 1n a manner
covering a part of the plane 5S6A of the base material 56 and
the wiring 358.

The pad 62 1s disposed on the plane 56B of the base
material 56 and 1s electrically connected to the via 57. The
wiring 63 1s also provided on the plane 56B of the base
material 56 and 1s electrically connected to the pad 62. The
solder resist 64 1s applied to the plane 56B of the base
material 56 1n a manner covering a part of the plane 56B of
the base material 56 and the wiring 63. The solder ball 67 1s
clectrically connected to the pad 62 via the Ni/Au metal
layer 66. The solder ball 67, which 1s an external connection
terminal, electrically connects the substrate 60 to the moth-
erboard (not shown).

Next, the optic fiber mounting member 70, which 1s an
optical waveguide mounting member, 1s described with
reference to FIGS. 7 and 8. FIG. 7 1s a cross-sectional view
showing the optic fiber mounting member 70 according to
the embodiment of the present invention. FIG. 8 1s a plane
enlarged view showing a state where the optic fiber 74 1s
mounted 1n the optic fiber mounting member 70. It 1s to be
noted that, in FIG. 8, a center axis Cl of the core part 75 of
the optic fiber 74 1s matched to a center axis C2 of a
through-hole 72. Furthermore, 1n FIG. 8, L2 indicates a
space formed between the wall of the through-hole 72 and
an outer diameter R3 of the optic fiber 74 (hereinafter
referred to as “space .27

The optic fiber mounting member 70 mainly includes: an
optic fiber mounting base material 71 which 1s an optical
waveguide mounting base material; the through-hole 72 to
which the optic fiber 74 1s mounted; and the optic fiber 74
which 1s an optical waveguide. The optic fiber mounting
base material 71 1s a base material for mounting the optic
fiber 74 thereto. The optic fiber mounting base material 71
has a thickness M2 which 1s substantially the same as the
thickness M1 of the base material 56 (M1=M2). The thick-
ness M2 of the optic fiber mounting base material 71 may be,
for example, approximately 150 um. Furthermore, silicon 1s
employed as the material of the optic fiber mounting base
material 71.
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By employing silicon as the material of the optic fiber
mounting base material 71 (to which the optic fiber 74 1s
mounted), the optic fiber 71 can be less vulnerable to
thermal deformation compared to employing a conventional
resin material in a case where there 1s a change of heat in the
optic fiber mounting base material 71. Accordingly, the
position of the core part 75 of the optic fiber 74 can be
prevented deviating from a corresponding position of the
light emission/reception part 81 of the optical element 80.
Thereby, transmission loss of optical signals between the
optic fiber 74 and the light emission/reception part 80 can be
reduced.

The optic fiber 74 1includes the core part 75 and a clad part
76. The core part 75 1s a part for transmitting optical signals.
The clad part 76 1s a part for protecting the core part 42 and
1s provided in a manner covering the core part 75. The optic
fiber 74 1s adhesively fixed to the through-hole 72 of the
optic fiber mounting base material 71 via an adhesive
material 78.

The through-hole 72 1s formed by using anisotropic
etching so as to penetrate the optic fiber mounting base
material 71 made of silicon. The through-hole 72 1s a hole
for mounting the optic fiber 72 therein. The anisotropic
etching may be, for example, dry etching.

Compared to forming a through-hole with a conventional
method of irradiating a laser to the conventional base
material 11 made of a resin, the method of forming the
through-hole 72 by dry-etching the optic fiber mounting
base material 71 made of silicon 1s able to provide greater
precision 1n the relative position between the through-hole
72 and the light emission/reception part 81 and greater
precision 1n the size of the through-hole 72.

Furthermore, since precision 1n the size of the through-
hole 72 can be improved by using the dry etching technique,
the size of the through-hole 72 (to which the optic fiber 74
1s to be mounted) can be reduced compared to that of the
conventional through-hole. Accordingly, the space L2
between the wall of the through-hole 72 and the optic fiber
74 can be reduced, thereby allowing the wall of the through-
hole 72 to secure the position of the optic fiber 74. Accord-
ingly, the position of the optic fiber 74 can be prevented from
deviating from the corresponding position of the light emis-
sion/reception part 81. Thereby, transmission loss of optical
signals between the optic fiber 74 and the light emission/
reception part 81 can be reduced.

Next, a method of manufacturing the semiconductor
device 50 according to an embodiment of the present
invention 1s described with reference to FIGS. 9-21. It 1s to
be noted that, detail description of the optical element 80
included 1n the semiconductor device 50 1s omitted. FIG. 9
1s a plane view of a silicon water for showing the area 1n
which the optic fiber mounting member(s) 70 1s formed.
FIG. 10 1s a cross-sectional view of a silicon wafer along the
direction of line E-E of FIG. 9. It 1s to be noted that area D
in FIGS. 9-11 indicates the area in which the optic fiber
mounting member 70 1s formed. Furthermore, the area I
shown 1 FIG. 16 shows a state of the optic fiber mounting
member 70 belfore being subjected to a dicing process.
Furthermore, FIGS. 11-21 are cross-sectional views (corre-
sponding to the cross-section of the silicon waler taken
along line E-E of FIG. 9) showing the processes of manu-
facturing the semiconductor device 50 according to the
embodiment of the present invention (Part 1-11). In FIGS.
11-21, like components are denoted with like reference

numerals as of the semiconductor apparatus 50 shown in
FIG. 4.
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As shown 1n FIG. 9, the silicon water 90 1s used as a
parent material (for example, a planar silicon material) for
forming multiple optic fiber base materials 70 as a batch by

performing the manufacturing method shown in FIGS. 11 to
21.

Accordingly, by forming multiple optic fiber mounting
members 70 on a single silicon water 90 1n a batch, the
productivity of the optic fiber mounting members 70 can be
increased and manufacturing cost of the optic fiber mounting
members 70 can be reduced. A commercially available
silicon wafer used for forming semiconductor chips, for
example, may be employed as the silicon wafer 90. A
commercially available silicon water 90, shown for example
in FIG. 10 may have a thickness of approximately 700-800
L.

First, as shown 1n FIG. 11, a resist film 91 1s formed on
the silicon wafer 90. The resist film 91 includes aperture
parts 91A for forming the through holes 72. Next, as shown
in FIG. 12, the resist film 91 1s used as a mask for etching
the silicon Wafer 90 with an anisotropic etching method (in
this example, dry-etching), and the silicon water 90 1s etched
until 1t 1s penetrated, thereby forming the through-holes 72
in the silicon wafer 90 (through-hole formation process).
The diameter R4 of the through-hole 72 may be adaptively
set accordmg to the outer diameter R3 of the optic fiber 74
that 1s to be mounted in the through-hole 72. For example,
the diameter of the through-hole 72 may be set so that the
size of the space L2 (FIG. 8) 1s approximately 1 um.

Then, as shown 1n FIG. 13, the resist film 91 1s removed
by using a resist releasing liquid. Next, as shown 1n FIG. 14,
the optic fibers 74 (optical waveguides) are 1nserted in the
through-holes 72 and are attached to the walls 72A of the
through-holes 72 by using an adhesive agent (optical
waveguide mounting process). In this step, the optic fibers

74 have protruding parts G and H protruding from planes
90A and 90B of the silicon water 90.

Next, as shown 1n FIG. 15, both planes 90A, 90B of the

silicon water 90 are polished (polishing process). In this
process, the protruding parts GG, H of the optic fibers 74 are
also polished. Accordingly, the optic fiber mounting base
material 70 1s formed with a desired thickness M2.

By forming the optic fiber mounting members 70 and the
substrate main body 35 separately, the pads 39, 62, the
wirings 38, 63, and the solder resist 61, 64 provided to the
base material 56 can be prevented from obstructing the
process of polishing the protruding parts G, H of the optic
fibers 74. Thereby, the protruding parts G, H of the optic
fibers 74 can be easily polished with satisfactory precision in
a direction perpendicularly intersecting with a plane direc-
tion of the optic fiber mounting members 70. As the pol-
1shing apparatus used for the polishing process, a backside
ogrinder, for example, may be used. In a case where the
backside grinder 1s used, the silicon water 90 1s polished one
side at a time.

By performing this polishing process, multiple optic fiber
mounting members 70 with the desired thickness M2 (as
shown in FIG. 16) can be formed without having to be
separated from one another. Furthermore, as a result of the
polishing process, one plane 71 A of the optic fiber mounting
base material 70 becomes aligned at the same level (same
plane) with one end plane 74 A of the optic fiber 74, and the
other plane 71B of the optic fiber mounting base material 71
becomes aligned at the same level (same plane) with the
other plane 74B of the optic fiber 74.

Next, as shown i FIG. 17, the optic fiber mounting
members 70 are individually cut out by dicing the silicon
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waler 90, to thereby obtain multiple separated optic fiber
mounting members 70 1n a batch.

Next, as shown in FIG. 18, the perforated part 68 1s
formed 1n the center area of the substrate main body 535
(perforated part formation process). Then, the optic fiber
mounting member 70 1s adhesively fixed to a wall 68 A of the
perforated part 68 by using an adhesive agent. Accordingly,
as shown 1 FIG. 19, the substrate 60 including the optic
fiber mounting base material 71 and the substrate main body
53 1s fabricated. Here, the one plane 71A of the optic fiber
mounting base material 71 becomes aligned at the same
level (same plane) with the plane 56 A of the substrate main
body 55, and the other plane 71B of optic fiber mounting,
base material 71 becomes aligned at the same level (same
plane) with the plane 56B of the substrate main body 55.

Next, as shown 1n FIG. 20, the position between the light
emission/reception parts 81 of the optical element 80 and the
core parts 75 of the optic fibers 74 are adjusted by moni-
toring the position with a photo-detection measurement
apparatus (not shown), to thereby determine an optimum
position on the substrate 60 for mounting the optical element
80 (heremafiter referred to as “optimum position™).

Next, as shown in FIG. 21, in accordance with the
measured results obtained with the photo-detection mea-
surement apparatus, the fabrication of the semiconductor
device 50 1s completed by mounting the optical element 80
on the substrate 60 in a manner that the solder balls 82 are
clectrically connected to the pads 59.

By fabricating the optic fiber mounting member 70 and
the substrate main body 35 separately, and forming the
through-holes 72 1n the optic fiber mounting base material
71 made of silicon with the dry-etching techmique, the
precision 1n the relative position between the through-holes
72 and the light emission/reception parts 81 as well as the
precision in the size of the through-holes 72 can be
improved. Thereby, transmission loss of optical signals
between the optic fiber 74 and the light emission/reception
part 81 can be reduced. Furthermore, the process of polish-
ing the optic fiber 74 can be easily performed with satistac-
tory precision. Furthermore, by separately forming the optic
fiber mounting member 70 and the substrate main body 55
of the substrate 60, the productivity of the substrate 60 can
be 1mproved.

It 1s to be noted that, the substrate 60 according to the
embodiment of the present invention may alternatively be
tabricated with a multilayer wiring configuration 1n which
multiple 1nsulating layers and wirings are provided to the
base material 56. Furthermore, components other than solder
balls may be alternatively used for connecting the optical
clement 80 and the substrate 60.

Further, the present imvention 1s not limited to these
embodiments, but various variations and modifications may
be made without departing from the scope of the present
invention.

The present application 1s based on Japanese Priority
Application No. 2004-216075 filed on Jul. 23, 2004, with
the Japanese Patent Oflice, the entire contents of which are
hereby incorporated by reference.

What 1s claimed 1s:

1. An optical waveguide mounting member for mounting
to a substrate, the optical waveguide mounting member
comprising;

an optical waveguide for transmitting optical signals

therethrough; and

an optical waveguide mounting base material having first

and second planes and a through-hole to which the
optical waveguide 1s mounted from the first plane to the
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second plane, 1n a direction perpendicularly intersect-
ing an optical element mounted on top of the first plane;

wherein the optical waveguide mounting base material 1s
formed of silicon

wherein the optical waveguide has first and second ends
that protrude from the first and second planes and are
polished to be flush with respect to the first and second
planes prior to mounting the optical waveguide mount-
ing member to the substrate;

wherein the distance between the polished first and sec-
ond ends 1s substantially equal to the thickness of the
substrate when mounting the optical waveguide mount-
ing member to the substrate.

2. The optical waveguide mounting member as claimed 1n
claim 1, wherein the through-hole 1s an anisotropic-etched

hole.

3. A substrate comprising:

the optical waveguide mounting member as claimed 1n
claam 1; and

a substrate main body having a perforated part;

wherein the optical waveguide mounting member 1s
mounted 1n the perforated part of the substrate main

body.
4. A semiconductor device comprising;

an optical element having a light emission/reception part;
and

the substrate as claimed 1n claim 3;

wherein the optical waveguide of the substrate 1s posi-
tioned opposite to the light emission/reception part of
the optical element.

5. A method of manufacturing one or more optical
waveguide mounting members for mounting to a substrate,
the optical waveguide mounting member having an optical
waveguide for transmitting optical signals therethrough and
an optical waveguide mounting base material having first
and second planes and a through-hole to which the optical
waveguide 1s mounted, from the first plane to the second
plane, 1n a direction perpendicularly intersecting an optical
clement mounted on top of the first plane, the optical
waveguide having first and second ends that protrude from
the first and second planes, the method comprising the steps

of:

a) forming the optical waveguide mounting base material
with a silicon material;

b) forming the through-hole of the optical waveguide
mounting base material by anisotropic etching;

¢) mounting the optical waveguide 1n the through-hole;
and

d) polishing the first and second ends protruding from the
first and second planes to be flush with respect to the
first and second planes, prior to mounting the optical
waveguide mounting member to the substrate;

wherein the distance between the polished first and sec-
ond ends 1s substantially equal to the thickness of the
substrate when mounting the optical waveguide mount-
ing member to the substrate.

6. A method of manufacturing a substrate to which an
optical waveguide mounting member 1s mounted, the optical
waveguide mounting member having an optical waveguide
for transmitting optical signals therethrough and an optical
waveguide mounting base material including first and sec-
ond planes and a through-hole to which the optical
waveguide 1s mounted, from the first plane to the second
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plane, 1n a direction perpendicularly intersecting an optical
clement mounted on top of the first plane, the optical
waveguide having first and second ends that protrude from

the first and second planes, the method comprising the steps
of:

a) forming the optical waveguide mounting base material
with a silicon maternal;

b) forming the through-hole of the optical waveguide
mounting base maternial by anisotropic etching;

¢) mounting the optical waveguide 1n the through-hole;

10
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d) polishing the first and second ends protruding from the

first and second planes to be flush with respect to the

first and second planes;

¢) forming a perforated part in a substrate main body; and

) mounting the optical waveguide mounting member 1n
the perforated part after step d);

wherein the distance between the polished first and sec-
ond ends 1s substantially equal to the thickness of the
substrate when mounting the optical waveguide mount-
ing member in the perforated part.
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